Introduction
In We investigate the impacts of the two CBPPs and the SMP on prices on euro-area covered bonds and spreads on sovereigns bonds, respectively, for five stressed euroarea countries --Greece, Ireland, Italy, Portugal and Spain. Our data are monthly and cover the period from 2004M01 through 2014M07. Our approach differs from the approaches undertaken in previous work in several ways. First, in contrast to many previous studies, which largely focused on global risk factors in the determination of spreads, we use fundamental economic variables of the countries under 3 These asset purchase programs were part of the ECB's overall response to the two crises. For detailed review of the ECB's responses, see Cour-Thimann and Winkler (2013) . 4 The € 60 billion represented around 2.5 per cent of the total of the outstanding amount of covered bonds denominated in euro and issued in the euro area.
consideration to control for the effects of other factors that affect spreads, beyond those of the asset purchase programs. Second, in light of the effects of rating downgrades on spreads during the euro crisis, we introduce a measure of rating downgrades in our specifications. Third, whereas previous studies typically used dummy variables in an attempt to capture the effects of the asset purchase programs, we use the actual amounts of covered bonds and sovereigns purchased under the programs. These data are confidential, but were made available to us for use in this study by the ECB. The use of these actual intervention data allows us to shed light on the accuracy of previous findings that have relied on dummy variables.
The remainder of this study is comprised of four sections. Section 2 provides a brief literature review. Section 3 provides a simple theoretical framework that explains why official asset purchases can affect a country's default-risk spreads. Section 4 first presents some details about the particular asset purchase programs. The section then describes our data and our modeling approach, and presents our empirical findings. As mentioned, we use actual intervention data to capture the effects of the asset purchase programs. We also present results using dummy variables as a way of comparing our findings with those of previous studies. Section 5 concludes.
Literature Review
With interest rates close to, or at, their lower bound in the years following the outbreak of the global financial crisis, major central banks increasingly resorted to non-standard monetary-policy measures. Reflecting the prevalence of these nonstandard measures, a literature has emerged that examines their effectiveness. In this connection, work by Peersman (2011) used a SVAR to examine the impact of non-standard measures on economic activity in the euro area. That author represented non-standard measures by using innovations to bank lending caused by monetary policy; these innovations were orthogonal to the policy rate. The author found that non-standard measures had an impact on economic activity similar to that of conventional monetary policy operating through the interest-rate channel. Gambacorta, Hofmann and Peersman (2014) performed a similar analysis on a panel of eight industrial economies --Canada, the euro area, Japan, Norway, Switzerland, Sweden, the United Kingdom, and the United States. They found that non-standard measures had an impact on economic activity for each of the counties considered, with the size of the impact depending on the country. Individual country results suggested that there were no major differences in the macroeconomic effects of unconventional monetary policies across countries, despite the heterogeneity of the measures that were taken.
Another line of research has focused on the impact of non-standard measures on yields in financial markets --a line of research that we pursue in this study. Szczerbowicz (2012) examined the effects of a range of euro-area non-standard policies --including the SMP, the CBPP1, the CBPP2 --on euro-area covered-bond spreads and sovereign spreads. Using daily data from July 2007 to September 2012, the author used an event-based regression methodology under which dummies were used for each announcement of non-standard measures. Szczerbowicz found that the SMP reduced 10-year sovereign spreads by an average of 17 basis points for the euro area, with the impact on the five crisis countries ranging from 476 basis points in the case of Greece to 35 basis points for Italy. Eser and Schwaab (2013) focused on the SMP purchases over the period October 2008 to December 2011 (daily frequency). Along with the purchases made under the SMP, they also included two measures of global risk aversion (the US VIX Volatility Index and the change in the spread between AAA and BBB-rated corporate bonds). Their evidence showed that the SMP reduced both spreads and the volatility of spreads. Specifically, a € 1 billion purchase of sovereign bonds was associated with a fall in spreads of around 1-2 basis points in Italy to 17-21 basis points in Greece. Ghysels, Idier, Manganelli and Vergote (2014) and Rivolta (2014) obtained similar results.
Studies that focus on specific euro-area countries include Doran, Dunne, Monks and O'Reilly (2013) , who examined the impact of the SMP on Irish sovereign yields, Casiraghi, Gaiotti, Rodano and Secchi (2013) who assessed the impact of the SMP, OMT and LTROs on the Italian economy, and Gibson, Hall and Tavlas (2014) , who examined the determinants of Greek sovereign spreads. Doran, Dunne, Monks and O'Reilly found little evidence that SMP purchases had a significant effect on daily yields once the announcement effects were controlled for. They found that SMP effects are very visible when they are analysed using an intraday event-based methodology. Overall, they found substantial announcement effects and strong evidence that SMP interventions, on-average, halted declines in bond prices (rises in yields); the policy was, therefore, effective if the main objective of the SMP were interpreted as passive containment. In a study of the effects of the SMP and the OMT on Italian spreads, Casiraghi, Gaiotti, Rodano and Secchi (2013) provided evidence showing that the SMP and OMT operated to counteract increases in spreads; every € 1 billion of purchases reduced Italian spreads by between 2 and 5 basis points. Gibson, Hall and Tavlas (2014) found a small negative effect on Greek spreads from the SMP. They used monthly data on spreads, 5 which allowed them to control for the macroeconomic environment, something that previous researchers did not do. Since spreads were rising during the operation of the SMP, because of deteriorating fundamentals and continuous downgrades, it was difficult to isolate the impact of the SMP itself if the other factors affecting spreads are not included.
The authors captured the SMP effect by using a dummy variable that took a value of 1 during the period (May 2010 to January 2011) when the Eurosystem was purchasing Greek bonds. They found that the SMP reduced the 10-year spread by about 300 basis points.
Turning to studies dealing with the effects of the CBPPs, Beirne et al. (2011) examined the effects of the CBPP1 on euro-area covered-bond yields using a cointegration framework. For control variables, the authors used the five-year overnight indexed euro swap rate and the spread between the U.K. covered-bond yield and the five-year Libor euro swap. In common with other studies, the authors used a zero-one dummy to capture the effect of the asset purchase program. The results showed that the CBPP had a dampening effect on euro-area covered-bond 5 Studies that use daily data cannot assess the effects of the fundamentals.
yields of approximately 12 basis points. Szczerbowicz (2012) obtained similar results.
That author found that the covered-bond programs reduced spreads by an average of 17 basis points, with the impact ranging from 36 basis points for Greece to 7 basis points for both Ireland and Portugal.
Theoretical considerations
The basic idea underlying our empirical framework is the following: the cost of defaulting on debt held by official creditors is greater than the cost of defaulting against debt held by private creditors. Why should this be the case? Dellas and Niepelt (2013) Consequently, private creditors were willing to purchase Greek government debt in the primary market in 2014 at reduced interest rates because the creditors benefitted from the indirect protection afforded by the involvement of the official sector (with its higher enforcement powers). In other words, when the ECB stepped in, it made default less likely for all holders of Greek government debt.
The effectiveness of the programs
To examine the effects of the SMP, and the CBPP1 and CBPP2 on sovereign bond spreads and covered-bond prices, respectively, we use monthly data. For the SMP, our empirical framework includes the effects of fundamental economic variables and rating agencies on spreads. The use of monthly data allows us to control for fundamentals and the behavior of ratings agencies. 7 For the CBPP1 and CBPP2, we use time-series estimation for reasons that we explain below. In contrast to previous studies, for both programs we use actual purchases rather than a zero-one dummy.
The inclusion of actual purchases is important because the volumes of official purchases exhibited high volatility and varied significantly among countries. Some 6 The new bonds issued by Greece after the 2012 default included pari passu clauses and were subject to a "co-financing" agreement that created a symmetry in servicing debt to the new bondholders and to the EFSF. 7 The use of higher frequency data would preclude the use of many economic fundamental variables.
descriptive statistics on the purchases made under both purchase programs are presented in Annex 1. As noted above, the first CBPP was also designed to improve market functioning and, hence, the monetary policy transmission mechanism. The aim of the CBPPs was not only to improve market liquidity in covered-bond markets, but also to ease funding conditions for both banks and non-financial corporations, thereby encouraging banks to lend. Potential combined purchases under the two CBPPs amounted to € 100 billion; while the first program achieved its targeted purchases of € 60 billion, the second fell short, as less than € 17 billion of the € 40 billion available under the program was used.
Program descriptions

Econometric Approach
Unlike previous studies, to examine the effects of the SMP we do not aim to find a 'best' equation to explain yield spreads or covered-bond prices. Instead, our objective is to investigate the question of the effectiveness of the 'unconventional monetary policy' pursued by the ECB. Specifically, we estimate several models in a panel data context; the panel is comprised of data for the countries in the euro area that have been most affected by the crises --Spain, Italy, Ireland, Portugal and Greece. We believe that this approach is more informative and robust than the standard approach of reporting the results of the best-fitting model, which may have been chosen to support a particular conclusion.
Most of the panel-data models are based on a two-way fixed-effect framework; the framework includes both country fixed effects and time fixed effects. We believe that this is an important aspect of this study. One major problem in modeling the effects of ECB asset purchases is that spreads may be affected by important latent variables, which are difficult to capture. These latent variables include such factors as market sentiment. In normal circumstances, these latent variables could lead to serious omitted-variable problems and, thus, to misleading inferences about the impact of the non-conventional programs. The two-way fixed-effects model is able to account for many of these unobservable variables.
The basic model takes the following form
where it y is our dependent variable, that is the sovereign bond spread for country i against Germany for period t, i  is the country fixed effect, t  is the time fixed effect, it x is a vector of (weakly) exogenous variables,  is a pooled parameter on these variables, and it  is the error term. The time dummies can capture anything that is common across all countries in our sample, but changes over time. 8 In this way, we can capture general market sentiment and uncertainty. The country fixed effects can capture features that are specific to individual countries, but which do not change over time --for example, culture, climate, location, etc. By also including additional variables, such as economic fundamentals and the behavior of ratings agencies, within this framework, we aim to minimize the omitted-variable problem.
That is, we seek a robust range of results in order to address the issue of the effectiveness of the non-conventional policies.
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A fixed effects panel model is particularly important in this context since the SMP was applied for a limited number of months in each country; it was only active for a total of 6 months in Italy, 6 months in Spain, 9 months in Greece, 14 months in Ireland and 18 months in Portugal. Undertaking an analysis of a specific country would, therefore, stretch the limits of the information that we could reasonably expect to derive from the data. The pooled model allows us to combine observations, thereby obtaining a reasonably-large sample of months during which the SMP was in operation.
The impact of the CBPPs, under which the purchases were smaller in size than the SMP (see Table 1 ), needs to be assessed against an index of the price of covered bonds at the euro-area level. That is, the dependent variable was available only for the euro area as a whole. Consequently, the impact of the two CBPPs could not be assessed at the country level. For this reason, we could not conduct panel estimates as under our SMP analysis. In order to compensate for the loss of richness, we used an ARMA model to investigate the impact of the CBPPs. The CBPPs were aimed at longer-term covered bond maturities; hence, their direct impact would have been felt at those longer maturities. However, the programs could also have had spillover effects to other maturities. Hence, we present results for two sets of maturities.
Specifically, we focus on an index that captures maturities in excess of 10 years and an index that covers all maturities. (See Annex 2 for the specific indices used).
Our modeling approach is as follows. For the SMP, we begin by estimating several specifications that aim to capture its effects on spreads. We first estimate two autoregressive models --one in levels form and the other in first-differences --of spreads. Next, we estimate a model in which spreads are determined by fundamental variables. To that specification, we then add a variable that accounts for the effects of ratings by the rating agencies. In each of those specifications, we assess the independent effects of the SMP. Then, we turn to the effects of the two CBPPs. As mentioned, in this case, the empirical methodology involves the estimation of ARMA specifications. dummies, suggest that the SMP had a negative impact effect on spreads. This result holds for both the levels and first-differences specifications. For example, under the levels specification, although the coefficients on the SMP are significant, they are small -a € 1 billion purchase in period t causes spreads to fall in the next period by only 3.34 basis points, a result which is consistent with the results obtained by Casiraghi, Gaiotti, Rodano, and Secchi (2013) , as mentioned in Section 2 above.
Empirical results: SMP
As also mentioned above, the country and time fixed effects are important for absorbing the biases caused by omitted variables. To demonstrate, we carried out a series of single country estimates for the same form of dynamic equation as reported in Table 2 . 10 Our estimated coefficient for the five countries ranged from 0.000013 to 0.000062 --all positive (the wrong sign) and highly insignificant. This result is not surprising as spreads were rising at the time the SMP was implemented for each country; the individual country estimates captured this simple correlation. The use of the country and time fixed effects allowed us to partial out the effects of omitted factors so that we could obtain more sensible estimates of the effectiveness of the SMP.
We would expect that, assuming a reasonably-efficient financial market, the effect of an asset purchase programme would be instantaneous. Indeed, it is even possible that if the ECB exploited announcement effects (which it did not) the effect could even occur before the actual asset purchases. It is striking, therefore, that in both the results reported in Table 2 , and those reported below, it is the first lag of the SMP variable that has the most powerful and significant effect. This finding is very robust. The finding does not, however, mean that the market is inefficient. The reason that we find a significant lagged effect reflects the construction of the data.
10 These results are not reported, but are available from the authors.
Our data for spreads are based on monthly average interest rates, that is, the average daily rate for each month as a whole. We do not know the precise time or times of the month during which the SMP intervention took place. If, on average, the SMP purchases took place, say, in the middle of the month, the program would not have affected interest rates in the first half of the month; thus, its effect on the entire month would reflect (at most) half of its true value. If the intervention took place towards the end of the month, there would be virtually no effect on the monthly average for the month and the only effect would appear in the following month. That is, by using the lagged value we are able to capture the full effect of the intervention during the preceding month, whether that intervention took place in the early part of the month or in the latter part of the month. Although it is quite plausible that with the use of monthly data the main empirical effect from the SMP should appear with a one-month delay, we would stress that this result contains no implications for the efficient working of the market.
Next, we focus on the long-term relationship between spreads and their fundamental determinants; specifically, we omit lagged spreads as regressors, but we add fundamental variables to our specification. We continue to include both fixed effects and time dummies. In what follows, we first describe the fundamentals used and then we discuss their impact on spreads.
The fundamental variables used are as follows. 11 The fiscal condition of the countries is captured by two variables --fiscal news and the general government debt-to-GDP ratio. The use of the government debt-to-GDP ratio is conventional in empirical work; everything else held constant, a rise in the ratio should increase spreads. The use of fiscal news (or fiscal surprise) variable is somewhat novel, however, and so we will describe it in some detail. Specifically, in order to capture the news (or surprise) element, we construct real-time fiscal data. Using the European Commission spring and autumn forecasts, we created a series of forecast revisions. We defined the 11 The selection of these particular fundamentals is based on Gibson, Hall and Tavlas (2012; 2014; 2015 The main results, reported in Table 3 , are as follows. (i) The sign of the fiscal news variable is negative, as expected, but it is not significant. (ii) An increase in the government debt-to-GDP ratio causes spreads to rise and the effect is significant. (iii)
Higher real economic growth reduces spreads, as expected, but the impact is not significant, suggesting there is no independent role for growth beyond its impact on the debt-to-GDP ratio. (iv) A deterioration of competitiveness, represented by a rise in relative prices (that is, the log of the price level in each country relative to that of Germany), causes spreads to rise, and the effect is significant. (v) An increase in political stability --a rise in the IFO index --has, as expected, a negative impact on spreads, and the coefficient is significant. The coefficients on the present period and lagged SMP variable are both negative and significant (at the 10 per cent level). A €1 billion purchase lowers spreads (on average) by 22 basis points (14 basis points if we omit the present period form which, as mentioned, is significant at the 10 per cent level).
Next, we examine the SMP on spreads in a fundamentals' specification that includes the effects of sovereign ratings. In Table 4 (Panel A), we present results for spreads that include the residuals from an equation explaining ratings (Panel B). Our procedure is as follows. First, we relate sovereign ratings to the fundamentals -both economic and political -and the SMP purchases. As is evident in Panel B, ratings are related to fundamentals -the debt-to-GDP ratio, relative prices and political uncertainty. It also appears that the SMP helped to improve ratings (a rise in the rating represents a deterioration in ratings). We take the residuals from that equation and add them to the specification for spreads used in Table 3 to determine the impact of the SMP after controlling for any direct influence on spreads from ratings, purged of the effect of fundamentals. With the inclusion of the ratings variable, the macroeconomic fundamentals and the measure of political uncertainty retain their significance. In addition, however, ratings play a role in determining the level of spreads. A downgrade, even when the fundamentals are unchanged, causes spreads to rise. A one-point downgrade leads to a rise in spreads of 130 basis points.
The effect can be characterised as large since it occurs in an environment in which the fundamentals are unchanged. In the equation with ratings, the impact of the SMP remains negative and significant. The size of the effect is the same as that reported in Table 3 , which excludes the ratings variable; a € 1 billion purchase under the SMP lowers spreads by 22 basis points.
Finally, we examine the impact on sovereign spreads of the statement by ECB President, Mario Draghi, on 26 July 2012 that the ECB would "do whatever it takes" to preserve the euro. To capture that effect, we include a dummy variable which takes a value of 1 from August 2012 onwards. The results are presented in Table 5 .
The dummy has a significant, negative impact on spreads. Indeed, the coefficient suggests that the statement reduced spreads by just under 750 basis points. The SMP variables (in current period and lagged forms) remain significant. The total impact of the SMP is 18 basis points for each € 1 billion purchased. The other results reported in Table 5 Table 6 presents the range of possible effects from the SMP based on the models presented here, along with average monthly purchases and averages spreads in each country during the months in which purchases were made. The effect of a € 1 billion purchase of sovereign bonds in the models ranges from 3 basis points to 22 basis points. These findings are in accord with those of previous studies, including those of
Szczerbowicz (2012), Eser and Schwaab (2013) , and Casiraghi, Gaiotti, Rodano, and Secchi (2013) , that used a dummy-variable approach to assess the effects of the SMP.
To shed additional light on the issue of the use of dummy variables versus actual quantities purchased, we also estimated regressions with a zero-one dummy for the SMP instead of the actual interventions. Table 7 presents the fundamentals' specification, the results of which were reported in Table 3 , but with the dummy variable taking the place of the actual intervention variables; the SMP variable is in both present-period form and lagged form in both the specification in Table 3 and that in Table 7 . As shown in Table 7 , the present-period SMP dummy is insignificant (as it was in Table 3 ), but it is significant and negative in lagged form (as it also was in the specification reported in Table 3 ). The combined coefficients on the SMP dummies indicate that the SMP lowered spreads in the five crisis countries by an average of 221 basis points per month during which the SMP was in operation. As pointed out above, the specification reported in Table 3, which however, we need to be careful in making comparisons among the countries because the responsiveness of spreads is an average responsiveness across countries. Figure 2 plots the evolution of the two covered bond maturities used in this study.
Empirical results: CBPP
The figure also shows the two periods when the programs were running along with President Draghi's (July 2012) statement that the ECB would do whatever it takes to preserve the euro. The figure suggests that covered-bond prices were positively affected by the programs. However, a striking aspect in the figure is the impact of the Draghi intervention. The significant improvement in financial market conditions in the euro area is clear, just as it was for the case of sovereign spreads.
Turning to the effects of the CBPPs on bond prices, the results are reported in Table   8 and 9. Both tables use an ARMA (3,2) specification. Table 8 that the CBPPs had their greatest impact at longer maturities. In Table 9 , we add a "Draghi" dummy to the ARMA (3,2) specification that includes a bond price index at maturities greater than 10 years as the dependent variable. The "Draghi" effect appears to have led to a sharp rise in covered-bond prices, while the coefficient on the CBPP intervention variable remains positive and significant.
Turning to the quantitative impact of the CBPPs, the impact appears to have been quite small. Prices rise on impact by less than 1 per cent. However, the presence of the lagged dependent variable (up to 3 lags) implies that the cumulative impact would be greater (although it is important to note that most of the lagged dependent variables are not significant at conventional levels). We calculated the cumulative impact of the purchases using the coefficients on the lags. The results suggest that cumulatively the impact could reach 15 per cent 12 , but this is clearly a maximum effect.
Conclusions
We examined the impact of the SMP and two CBPPs on sovereign-bond spreads and covered-bond prices for five euro-area stressed countries using actual intervention data. We also provided a simple theoretical framework that explains why official asset purchases can affect a country's default-risk spreads. Our results indicate that the SMP modestly reduced spreads on 10-year sovereign bonds. The "Draghi" effect appears to have had significantly larger effect than the SMP. This result could be a
consequence of the open-ended nature of the statement, in contrast to the SMP which had set-down clear limits from the outset and was accompanied by conflicting statements from some Eurosystem officials. Our results, based on actual intervention data, are very much in line with the results of previous studies that used a dummy-variable approach to measure the effects of the SMP on sovereign spreads.
Analogous results were found for CBPP1 and CBPP2; the covered-bond purchases appear to have modestly raised covered-bond prices. In sum, our results for the SMP and CBPP1 and CBPP2 suggest that central banks can effectively intervene in markets, especially where there is evidence of overshooting and/or market malfunctioning. Ratings. We take the ratings of each of the major credit rating agencies -Fitch, Moody's, and Standard & Poor's (S&Ps) -and construct a single series based on the agency that moved first. Ratings are mapped to a cardinal series running from 1 (AAA) to 22 (default).
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